The history of science is full of ideas that are at once so elegant and so obvious that they take root in our imaginations, despite relatively weak support by available data. One such idea now in the tumor immunology community is that tumor cells use a molecule called Fas ligand (FasL) to counter-attack the immune system 1 . Despite substantial evidence to the contrary, this molecule is thought by some to induce the death and elimination of T lymphocytes that enter the tumor bed, thereby granting the tumor immune-privileged status. But this idea is based on inference: all well-controlled experiments in which FasL expression is induced in a tumor or tissue, either through use of transgenic mice or by transfection or transduction of transplanted cells, have shown that the tissue is rapidly rejected, without evidence of immune privilege.
The original idea was logical. FasL expressed on tissues would engage the Fas receptor expressed on the surfaces of immune cells, causing them to undergo programmed cell death (Fig. 1) . The idea that FasL (also known as CD95 ligand or APO-1 ligand) could help tumors counter-attack the immune system has its origins in the field of transplantation. However, several early papers containing evidence initially thought to support the hypothesis that FasL could grant immune-privileged status have now been withdrawn or refuted.
The concept was brought to popular attention in a News and Views article published in Nature in October 1995 (ref. 2). The author summarized findings demonstrating that Sertoli cells expressing FasL could be transplanted into allogeneic mice and concluded, based on the data, that the interaction of Fas and its ligand was at the heart of immune privilege 3 . Another group then reported that transplanted tissue could be protected from rejection if one simply surrounded tissue (in this case the insulin-producing Islet cells of the pancreas) with myoblasts expressing FasL (ref. 4) . Fas-FasL interactions were also reported to be fundamental to immune privilege in the eye 5 . The implications of these findings were great: Graft rejection could be prevented if cells or organs were transfected with FasL before transplantation.
Shortly after these initial publications, two sets of data were published that had a substantial effect on the tumor immunology community, catalyzing a flurry of research activity based on these findings. The first described FasL expression by colon tumor cells, claiming that this induced cell death of Jurkat cells (a human T-cell leukemia line) 6 . The second described a similar set of results using melanoma 7 . The latter demonstrated a remarkable consistency of FasL expression in tumor cell samples: All of the 10 melanomas tested expressed FasL. Moreover, it showed that this FasL was functional. The authors also claimed that infiltrating T cells could only be found proximal to FasL-positive lesions of human metastatic melanoma, a finding at odds with many other observations of tumor-infiltrating lymphocytes. Furthermore, the authors reported that the highly virulent mouse melanoma cell line, B16, was FasLpositive. The authors asserted that FasL expression by B16 caused rapid tumor formation.
After those reports, it seemed that the evidence on the function of FasL in transplantation, autoimmunity and tumor escape was clear and compelling. But some other experimental data did not fit the newly established paradigm of FasL as the enforcer of immune privilege. When Allison et al. used transgenic mice expressing FasL on their islet β cells for transplantation, they found that rather than being the solution to the transplantation immunologist's rejection problem, expression of FasL caused a more rapid rejection of islet cells accompanied by a "granulocytic infiltration" (ref. 8). Kang et al. used an entirely different approach to test the same question, using adenoviruses to confer FasL expression on islet cells. They also found accelerated rejection accompanied by "massive neutrophilic infiltrates" (ref. 9). Similar results were obtained using other cells 10, 11 . Over the two years that followed, Seino et al. would publish many papers testing a possible use for FasL in transplantation, but their data refuted the idea that conferring FasL expression on transplants would be therapeutically useful as originally described 6, [12] [13] [14] [15] . Instead, ectopic FasL expression caused rapid rejection and profound inflammation with abscess formation.
In vitro and in vivo experiments with tumor cells also contradicted the original hypothesis that FasL mediated an immune counter-attack. Some investigators claimed that they could not find FasL on the surfaces of melanoma cells 16, 17 , and when they transfected tumor cells with the gene encoding FasL, they did not detect 'tumor escape'. Instead, there was rapid tumor rejection in many experimental tumor systems (including the B16 melanoma) 10, 17 . As with other FasL-based transplantation experiments, rejected tumors sites were infiltrated with granulocytes that coalesced into abscesses. Soluble FasL can, in part, abrogate the inflammatory effects of membrane-bound FasL (ref. 18) .
So why did FasL trigger inflammation? A definitive answer to this question is unknown. However, it is clear that Fas signaling activates a caspase cascade. One consequence of this cascade is the activation of interleukin-1β-converting enzyme (ICE), also known as caspase 1 (ref. 19) . As its name indicates, ICE is capable of cleaving interleukin-1β from its inactive form into its active form 20 . Once activated, interleukin-1β is a potent pro-inflammatory cytokine. ICE also cleaves and activates IL-18: the disabling of ICE is a strategy used by poxviruses to evade immune destruction 21 . Although some early authors sought to retract their earlier statements, others 'stuck to their guns'. It was important for trans- , leading to the publication of false-positive results on a least a half-dozen different occasions by the time its cross-reactivity was discovered in 1998, and in several reports by others since then 23 . Compounding the problem may be the fact that many other polysera were generated in a similar way 24 , but were not tested in 1998 report 22 . An underlying and ongoing problem is the use of polysera made by injecting animals with peptides. Although the generation of polyclonal antibodies is straightforward, a complete characterization of antibody specificity is difficult and fraught with pitfalls. Another widely used reagent, a mouse monoclonal antibody (clone 33) from Transduction Laboratories, was also reported to be nonspecific for FasL (ref. 25) .
Based on early studies, it was hypothesized that expression of Fas ligand (FasL) by tumor cells enabled them
Other possible confounding variables include the use of nonintron-spanning PCR primers without proper controls 7, 26 , contamination of fresh tumor samples with lymphocytes (which can express large amounts of FasL) and problems with functional assays. For example, several studies involved T-cell targets that were themselves capable of expressing FasL, such as Jurkat cells. When target cell death was found and blocked with antibodies against FasL, researchers were not always able to verify that the cell death was induced by FasL expression on tumor cells and not by induced expression of FasL on T cells 26 . Thus, the devil really was in the details.
One consequence of these misunderstandings, for tumor immunology, was that researchers have been side-tracked in determining the true biological function of Fas and FasL as mediators of cytotoxicity 27 and as central mediators of activation-induced cell death 28 . Thus, it is the case that Fas-FasL interactions can cause T cell death and this death is important in the induction of tolerance, immune homeostasis and lymphocyte effector functions. Indeed, it has been confirmed that melanoma-specific T lymphocytes undergo apoptotic death after the major-histocompatibility-complex-restricted recognition of tumor cells, and Tcell death can be blocked by the addition of a specific antibodies against Fas (ref. 29) . However, contrary to the prevailing view that tumor cells cause the death of anti-tumor T cells by expressing FasL, it is now apparent that in most cases, FasL is expressed by T lymphocytes upon activation after tumor cell recognition, causing them to kill themselves ('suicide') and each other ('fratricide') ( Fig. 1 ) 16, 29, 30 . When FasL is expressed ectopically with the goal of inducing the death of T lymphocytes, researchers must consider the resultant caspase cascade and the potential for the consequent activation of an innate immune response.
Hindsight is always perfect, and it is now possible to view initial mistakes and contradictory data regarding the function of FasL in a new light. A tantalizing new idea, featured prominently in the literature, can rapidly spread through the scientific community. Once a widely believed hypothesis is re-evaluated, 'cool' negative results may not receive the same attention as 'hot' positive results. Furthermore, corrections and retractions, as in politics, are often hidden in less-than-obvious places, such as during the question-and-answer periods of lectures, or in abstracts or posters at scientific meetings. It may be true that science is a selfcorrecting enterprise, and theories come and go, but even in this age of rapid communication, the progress of truth can be glacially slow. Scientific researchers and journal editors must be ever-wary of elegant and intuitively obvious ideas that are only weakly supported by available data. 
